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/_ L/_ I. INTRODUCTION

In order to facilitate long-range ",_lanning, a method gramming problem. The material herein is extracted from

has been evolved at this installation by which resource an internal planning report and is presented only as one

requirements to accomplish a given mission schedule can method by which estimates of resource requirements can
be grossly estimated, The method is by nature sensitive be made. Charts and figures required to understand the

to the mission schedule, and tile over-all estimates of technique are presented together with a simplified step

the resources requirements can he easily adjusted should by step procedural example showing how estimated
changes in the mission schedule occur, requirements are determined for a given project which,

It is tile purpose of this report to outline tile technique in itself, is a component part of a program and of the

which has evolved from a study of the long-range pro- overall installation effort. _ O'THdt_

II. A TYPICAL FLIGHT MISSION SCHEDULE

Based on the "typical mission schedule" shown in Table A-2 (Appendix A) presents total Installation

Fig. A-1 (Appendix A), the requirements for funding funding required for the typical total mission schedule
and manpower for the ensuing fiscal years have been as shown in Fig. A-I.

determined, The schedule shown ,;n Fig. A-] is strictly
a representative one for which this Installation would be

responsible in carrying out its commitments to NASA "/'able A-3 (Appendix A) presents the total manpower

during the next few years. In looking at the funding requirements to accomplish the same mission schedule

and manpower problems, an effort was made to keep for the same time period. Again the information is sep-
the information separated into two categories: (1) that arated into the same two categories as indicated above.

required for the several flight programs and (2) that

required for supporting research and technology (SRT}. Table A-4 (Appendix A) shows the total funding for

Within the flight programs, the funding for each project is supporting research (SR), advanced development lAD),
determined by taking the product of spacecraft weight, and others from Table A-2 and the corresponding man-

number of spacecraft, and a cost factor (dollars per power totals from Table A-3 broken down according to
pound) for each type, weight, and number of spacecraft, the activities which contribute to those totals.
(See Figs. B-I and B-2 of Appendix B.) Total funding for

the flight programs in any given year is equal to the sum
of tile fimding of the component projects for that fiscal In Table A-5 (Appendix A) estimates are made of the

year. Once the total project funding has been determined, yearly out-of-house funding fraction for each project

annual portions of the total are distributed in a roughly (project procurements divided by total project funding).

sinusoidal pattern over the fiscal life of the project. The theoretical relationship between out-of-house fund-
ing fraetions and dollars per man-year then permits a

Table A-1 (Appendix A) gives a generalized description determination of the total manpower required for the
of, and implementation plan for, the projects within the project in a given year. (See Tables A-4 and A-5 and

typieal Lunar and Planetary Programs. Appendix C.)
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III. PROCEDURAL EXAMPLE

Tile example bel,,w indicates tile manner in which tile D. Total Funding of Flight Mission Programs
fimding and manpower requiremeots for a typical project
(Project A) were determined over tile duration of the Funding estimates are similarly made for the remain-

proiect using the technique previously ont!ined, ing projects of the complete program. A total project cost
and ;.he yearly fimding distribution of that total is then

determined by summing the yearly columns of Table A-2
For the l)urposes of this example, reference is made to (Appendix A).

the Project A in;t'ormalion shown in the Figures and
Tables of Appendiccs A, B, and C.

E. Funding of Supporting Research, Advanced

A. Total Project Funding Requirement Development, and Others

Spacecraft weight X Number of The funding estimates for these activities are based

Flights X Cost/lb = $ X 10" primarily upon information from i:l house sources hay-

1200 X 4 X 10 = 48 ing direct experience in these activities. Tbe criterion

2360 _,',12 X 7 - 198 for these estimates has been based upon determining tile

4500 X 8 X 6 -- 216 sizes of mature research groups reqtrired for those tech-
nical areas in which we will probably be involved in

These cost estimates are recorded as separate items any given 3'ear. Once tile size of these individual groups

under the Project A-class spacecraft heading of Table and the total professional requirements are known, it is
A-2 (Appendix A). then possible to determine the total supporting research

manpower required in a given )'ear b)' multiplying the

nmnber oq professionals by an appropriate number for

B. Yearly Distribution of Project Funding direct (technical) and indirect support. (The factor used

In accordance with tlle planned Project A launch dates is 3.64, i.e., the assnmed staffing ratio as of September
CY-1.) The increase in manpower for supporting research

of the mission schedule (Fig. A-l, Appendix A), a judg- (SB) across the years involved is assumed to be linear.ment is next made as to tile fiscal distribution of the
Funding for SR is shown at levels indicated in current

fooding for these three types of spacecraft as component installation bndget estimates for tile last fiscal year and
cost portions of the total project. These yearly amounts for tile present one {$14,600 and $16,800 per man-year

arc also recorded in Table A-2 (Appendix A). respectively). The succeeding fiscal years are at a level
of $17,000 per man-year.

C. Total Project Manpower Requirement

,As previmlsly mentioncd, inanpowcr requirements The advanced deveh)pment (AD) ftmding and man-
(()tiler than for SR, AD, and others) for tile projects are powcr requirements arc based on the principle that the

determined by estimating tile out-of-house ftmding frae- magnitltde of the AD program should annually be some

tion fer that project and from the theorctical curves (Fig. portion of the in-house development program. For tile
C-1 and C-2 of Appendix C) estimating of tile dollars first two fiscal years (Table A-4, Appendix A), tile AD

pet man applicable to tile project. In tile example case funding and maupowcr requirements are those given in
(Project A) tilt, out-of-house fundiug fractions and dol- ihc respective installation budget estimates. From then

lars per man have hceo determined and are as shown on, it is assmned that AD funding will be at a level equal

in Table A-5 (Appendix A). From here, if we use the to one-half of the estimated in-house program fm:ds.

),early funding figures involved, we call directly determine Referring to the theoretical rclatienship between out-of-
the yearly nlanpowcr reqnircmcnls to accomplish the ]muse fimdiug fraction and dollars per man-year in

projects portion of the mission scbcdule. These manpower Appendix C (AD in tile Fiaancial Operating Plau for tile
figures arc recorded in Tal,lc A-3 (Appendix A). FY just concluded was at tile over-all rate ()f $19.800 man-

2
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year), it is assumed that this cost factor should be roughly the flight mission programs totals previously determined

$20,000 man-year for the current FY and flora then on. (see Table A_2, Appendix A).

F, Totol Installation _unding Requireme,ts G. Total Installation Manpower Requirements

The total funding for the fiscal years under considera- Likewise, the total manpower requilement is the sum-

tion in this plan is determined by adding the incremellts mation of the proiect increments and is shown in Table

for SR, AD, and others from Table A-4 (Appendix A) to A-2 (Appendix A).
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APPENDIX A. FUNDING AND MANPOWER REQUIREDFOR A TYPICAL

LABORATORY MISSION SCHEDULE

2 3 5
CALENDARYEAR

PROJECT-K

D

I. TYPICALFLIGHTPROGRAM

For purposes of estimating funding, manpower, and In order to test the sensitivity of manpower estimates

facility requirements, a project and mission schedule as to specific implementation plans, two ahernative plans

shown in Fig. A-1 has been formulated. It is merely sug- for the development schedule were considered, Each in

gested that this schedule has the dimensions of a, pro- a different way provided to some extent for focusing

gram whieh may emerge, and for which we may be Installation in-beusedevelopn_ent on the apparently mo ,

responsible. Accordingly, funding and manpower esti- advanced (and consequently more interesting) projects

mates have been made corresponding to this schedule, while at the same time maintaining reasonable continuity

A
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Fig. A-I. A typical mission schedule

of development engineering effort. From the standpoint _ables A-1 to A-5 present a summary of the require-
of accmacy, the resulting estimates of required manpower Ioents for one such plan which may be considered

were not l'udged to be significantly different. Accordingly, typical.

II. MANPOWERAND FUNDING

Total funding and manpower figures include allow- facility operations, and others as is indicated in detail in

anees for supporting research, advanced development, Table A-4.

I

0001-010



PLANN.IHG REPORT NO. 3_-6
REVISION NO. I

Table A*I. Description and typical implementation of proiects within the Flight Mission Programs

Project Description Implementation Project Description Impl_nJe;Itofian

Lunar Program Planefary-Inteiplanetary Program

I
K K-3 Io K-9 as pre_enlly Oul-ol-house syslems sub- CI_C-I} $ shots: dual capabilily. Out-of-house systems sub-

defined; additional contract alter approxi- Welghh 3000 lb. Same contracl, because of

folk, w-on spacecraft malely K-7. third stage requiremenl anllclpafed lechnologl-
K-10 to K-15 of Ihe

K-3 type with Mini- as Proiect A {C-1,_. col challenge, absence
mum mod_licoligns, of long-term pro[eel

growlh polenllal, and

A. (AsC) 1-4 4 shots: Out-of-house systems sub. phasing with P_oiect B.
fnco,Woting oantlaotor*' contract, toklr_g odvon-

electronic subsyslem.', rage of the industrial C_ (C-4) 2 shots wilhin decade-,- in-house development for

bul with struclvre and competence already dual capabiHly. To con. the mission capsule and

relro-proputs_on sub- esloblished, sisl of a 3000-lb. mission oL'-of-house systems

syslem_ redeolgned for capsule, <unearthing most _ubconiract for the bus,
mln_mum mission of ruff

landing with 1 TV of the scientific inslru- mainly because o| ils
camera. Weight: IO00- menlollon and cogecffon size.
12_1 lb. equipment, and o buI of

A: 1-12 12 shots: as wesently Continued according Io thu opproximofely 42,C_0
defined, presenl orrongemenl. Ib Jinclud_ng relro fuel).

Aj (C-I) I-$ $ xhotl: Oui-of-house iyslems su_-

Incorporatlng ¢onlraotors ¢onti'acl, wiIh the D 2 shots w]lhin decade; 2 In-houze developraenl,

e;ectron_c sabsyslems, assumpllon thai Ihe (Hi-energy) separalu 3i_O-Ib space- primarily because of the
but wilh struclure and oddilio.'_ol Ihird stage

reh'o-propuls_on subsys- will be assigned craft to probe Ihe v_¢inl- ;pecial technological
lees redesigned and elsewhere wilh direcl lles of plonels. A top challenges involved.
iized for incre_ssed funding, stage for Ihe boost Assumed thai the sys-

landed payloads. _ehlcle will be required, lees *'esponslbit_l_, for

Weight: 4500 lb. A the lop singe will be

third sloge required, assigned elsewhere

I wlth d_tect funding.

B 1.4 4 shale: as presently In-house development.

oefined. E 6 shah: o ser_es of probes 5pacecrafl to be provided

g_ I-9 9 shale, as presenlly In-house developmenl, to (Inlet- ulilizing basic spoceorafl by systems subcontract-

def_.lqld, take advantage of the planetary) systems developed for orl as o mailer some-detoffed in.house

famiiiorily wlth this . o:her projecls. Average what incidental Io their

I _poceorafl in meeting I weighl: 14COIb. application loatherthe fairly lighl schedule.] specific projecls.

6
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Table A-2. Total funding required for the typical Flight Mission Progr=ms (spacecraft poifion only)

Funding required for progrom$, not including SRT, or C of F.

Ptojecl _paceccaft No. of I $ Kl[b Total prniecl I FY FY FY FY FY FY FY FY FYweight, Ib Ilights cost, $M 3 3 4 5 6 7 a 9 t

1-5 750 5 15 56 t

K '6-9 750 4 8 24 . 30 25 12 7

10-15 750 6 7 31 1

Az (AgC) 1.4 1200 4 10 40 !3 _0 15

A: I -I 2 2360 ! 2 7 193 30 35 35 30 30 20 10

A;(C-I) 1.8 4300 8 6 216 1 3 IO 30 55 50 40 27

E, 1.4 450 4 t6 29 13.5 11.5 4

B, 1-9 1400 9 I I 139 17 30 35 30 20 7

C__C-]) 1-8 3000 8 9 216 1.4 5 20 40 50 40 40 2)

C: (C-41 1.4 450,00 I 4 9 1620 10 50 150 300 350 350 250 160

D 3000 ( 2 18 108 i 10 30 30 20

E 1.6 PROGRAMI4COALICF 6 12 101 I 10 20 20 15 15 15 5FLIGHt MISSION 72 2066 106 140 191 307 476 492 485 343 185

Funding resulted for SRT

5cpporting research ond technology 29 44 48 52 55 58 60 63 67

I "INSTAL[ATfON FUNDING TOTAL 135 184 239 359 531 550 545 406 252

Table A-3. Manpower requirements for the typical Flight Mission Programs

Pro_ect FY FY FY FY FY J FY FY FY FY2 3 4 5 6 7 8 9 10

I
K 833 538 136 68

iA, (AgCi I-4 101 156 138

A: _-12 234 195 195 167 167 156 i35

A, (C-I) 1,8 81 154 270 234 190 172 222 21

B 1-4 520 442 106

8, I-9 57"2 918 972 833 612 259

C, (C-I) 1.8 114 139 156 138 172 138 222 211

C: (C.411.4 260 372 404 966 1030 1030 1290 t 168

42.000.lb slage

3.000-1b spacecrotl 23 102 278 556 650 650 620 496

O 81 278 833 833 6 t 2

E I-6 81 78 69 69 52 52 83 39

Program manpower IoteJI 2455 2906 2615 2271 2813 2735 3144 3248 2315

SRT 1500 1615 1853 2032 2220 2381 2524 2691 2859

INSTALtATION MANPOWE._ TOTAl 403_ 4521 4468 4303 5033 5116 5668 5939 5174

7
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Table A-4. Funding and manpower requirements for supporting r_earch,

advanced development and others

FY FY FY FY FY FY FY FY FY
Acth.lty 2 3 4 S 6 7 8 9 10

Supporllng research. $ M 8,2 9,5 11,6 13,7 15,6 17.6 19.6 21,6 23,6
men 563 565 685 802 920 1037 1155 1272 1390

Advaneed developmehi. $ M 12,9 13.0 13.2 13.5 14.0 )4.5 15.0 16.0 17.0
men 646 650 660 675 700 725 750 800 850

Oper_f_on$oed opefohonal egulpmenl. $ M 5.5 |8.9 20.2 21.4 22.0 22.5 22.5 22.: 23,7
men 218 247 255 402 447 466 466 466 466

Olhers $ M 2.7 3.0 3.0 3.0 3.0 3.0 3.0 3,0 3.0
men 153 153 153 133 153 153 153 153 153

g

,OT.L 293 J 444I 480 516 54.6 576 601 631 673
men 1580 J 1613 J 1853 2032 2220 2381 2524 2691 2859

D

I I

Table A-5. Out-of-house fractions and expenditures per man-year for various projects

FY FY !_Y FY FY FY FY FY FY
P_e¢t 2 3 4 5 6 7 8 9 10

K1.15 0,710 0.800 0.950 0.920

SK 36 46 115 103

A_(AgC)1-4 0.924 0.924 0,930
$K 128 128 109

A: I -12 0.924 0.950 0.950 0.950 0.950 0.924 0.862
SK 128 180 180 180 180 128 74

A, (C-l) 1-8 0.161 0.450 0.710 0.924 0.971 0.971 0.950 0.924

$K 12,3 19.5 36 128 290 290 180 128

S 1.4 0.740 0.740 0,500

SK 38.5 38,5 21.5

B, I-9 0.660 0.640 0.710 0.710 0.673 0.605

SK 33.6 30.6 36 36 30.5 27

C_(C-i) 1-8 0.161 0.710 0.924 0.971 0.971 0.971 0,950 0.900
SK 12.3 36 128 290 290 290 180 99.5

C_(C-4) I-4 0.710 0.924 0.971 0.971 0.971 0.971 0.950 0.924

42,000 Ib stage 36 128 290 290 290 290 180 128

3,000-[b spacecr¢*fl 0._0 0,675 0,710 0,710 0.710 0,710 0.605 0,500
30.6 32.7 36 36 36 36 27 21,5

D Hi-energy 0.161 0.710 0.710 0.710 0,675

(C-4} 1-2 12.3 36 36 36 32.7

E Inlerplantlary I-6 0,161 0.924 0.971 0.971 0.971 0.971 0.950 0,924
12,3 128 290 290 290 290 180 128

8
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APPENDIX I_. SPACECRAFTCOSTS vs SPACECRAFT

WEIGHT AND NUMBER OF FLIGHTS

Io _ T
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APPENDIX C. RELATIONSHIP BETWEEN PROJECTMANPOWER COSTS AND

OUT-OF-HOUSE FRACTION OF PROJECT FUNDING

A systematic analysis of the overall program funding an attempt is made to interpret these find; ,As in terms

for FY-1 and -2 has revealed a functional relationship of their practical ,_perational implications and to show
between the average cost per man-year and out-of-house how such information can he utilized in planning and

fraction of each progrmn. In the discussion which follows, estimating for the total program.

I. MANPOWER COST AS A FUNCTION OF OUT-OF-HOUSE FRACTION

The budgetary infommtion obtained from actual oper- out-of-house" activit.v. Then the total manpower m (x)

ating experience during F¥-I and the financial operating (per year) required for this program may be expressed as

plan for FY-2 when cast into manpower cost vs out-of-

/:x _ (C-1)
house fraetion yields the correlation shown in Fig. C-I m (.x) = y_ + y(O)and C-2. For the purpose of this analysis the out-of-house

fraction was taken as the ratio of procurement costs (both

goods and services) to total program (or project) expendi- Rearranging and solving for F m (x) yields

ture. The FY-1 cost per man-year was obtained by F )'(0) (02)
dividing the total FY-1 program (project) commitments re(x) _) (x)= x _-by the total (average) manpower engaged in the program 1 - x _- ,"
during FY-1. The manpower data were obtained from )(ll

equivalent direct manpower figures selected at four times This quantity is the average cost per man-year for a
equally spaced throughout FY-I; indirect manpower program which has an out-of-house fraction x.
was distributed by program in proportion to the direct
manpower. The FY-2 cost pel man-year was obtained

by dividing the total program cost by tile total (average) The function y (x) is the curve shown in Fig. C-1

manpower required to conduct the program. This man- and C-2. The two basic parameters ¢cquired for obtaining
power figure was obtained by multiplying the estimated this curve, y (0) and y (1), were taken to be $10,850 man-

number of direct professionals by the installation aver- year and $1 million man-year, respectively. Tile first
age as of September FY-2 of 2.63 indirect support, direct value was ohtained by a least squareo fit to the experi-

professionals and adding the number of direct nonpro- mental points from the FY-2 operating plan. The same
fcssionals, least squares fit resulted in a y (1) value of $1.04

million/man-year when the cost and manpower data

The FY-1 and -2 data may be regarded as the "experi- for Project A were weighted three tim_ their normal
mental" facts. It is apparent from this plot that there value in relation to the twelve other projects (programs).

exists a functional relationship between tile manpower There are thirteen equations as follows:

costs and the out-of-house fraction. An elementary analy-

sis readily reveals what this relationship must be, 8.533 x 108 21.120 × 10_f : 761 man-years
y(0) Y0)

Consider the quantity F-the total funds required to

conduct a cer(aln program-of which the fraction x is to 2.168 x 108 _. 30.782 x lOn = 20t man-years
be spent on procurements (for out-of-house services and y(0) y(1)

hardware). Let y(0) be the cost per man*year for an o.o_:t × 10e 1.6_0 × 10•
t = %3 man-yezrs

"entirely in-house" activity, and y (1), that for an "entirely y (o) y (1)

IO
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5 563 _" 10_' 4- 7.923 × 10" lation's efforts, Thus, some 1°,5 people wiU nlanage in
)(o) ) (1) = 524 man-years FY-2 some $124.2 million, or roughly 81 million,man-

year. The Headquarters Staff plays the same role vis._-vis

6.046 × 1o" 10,668 :,<10'; = 579man-years all of the Centers, and the ratio of total Headquarters
)'(0) y(l) funds (exclusive of C of F funding) to Headquarters

0.29___.8× 10_ ._ 0.o58 × 10_ = 32 man-years Staff (81.521 billion to 1457 people) yields roughly this
y to--')---- ' - ) (1) same value of 81 million/man-year.

2.056 x 106 + o.6"_5 × 1o '_
)(o) 7(1) = 153man-)'ear,:- Tile average cost per man-year for a completely

in-house activity is a strong parameter in determining
3.262 x 10'_ 5.851 × to'; the fnuction y(O), and some care was exercised in obtain-

) (o) + ) (1) = 318 man-years ing a reliable figure. Tbe y,tl) value, on the other hand,
has a lesser influence in any "real" situation, that is, for

0.888 × 10" ,2.187 ,( In" = 87 man-years an)" x < 1. For example, consider the computation of the
)'(o) y(1) FY-2 Project A manpower requirements for an out-of-

i803 x 10" 1.151 ,- In" house fr_ction of 0.924. For a total program funding of
+ = 183 man-years $32.95 million tlus ymlds _30.18 mdhon out-of-house and) (o) ) (t)

82.17 million in-house. Thus, 3 _. men manage the out-or-

e.859 × In 6 _- 0.599 × 10'_ = 86 man-_,ears house effort and 231 men. the in-house effort, giving a
) (o) ) (1) total nran'- '_'er complement for the Project A program

of 262. No if in place of $1 million for y (1), a value of
1.299 × Io _ 0,658 ,'4 10';

) (0_ _" } (1) = 108 man-years $I0 million man-year had been used, the Prol'ect A man-
" power estimate would have been 3 man-years for out-

6.! 14 xc lo" 2.086 ,'¢ 10'; of-house and 231 for in-house, giving a total complement
4- = 563 man-yeats of 234. This differs from the previtJus 262 fgure by 11_.r(o) .)-(l)

If the y (1) vahte had been taken as 8320,000/man-year,

The 81 million figure appears to be a reasonable round as an example of a large underestimate, the manpower

number based, in addition, on both installation and head- figures wo,ald be 93 out-of-house and "7.?-31m-neuse, giving
quarters management experience. In tbe present context, a total of 324, or an error of 23_'. In this example where

a completely out-of-house program (x = 1) is one in which the out-of-house fraction is very large, an underestimate

all sewices and hardware pertaining to a program are of y(1) by a factor of 3 yields a "9,3%error in to_al man-

obtained from without tlle element directing the program, power; whereas an overestimate by a factor of 10 gives
In this sense, the management of the installation (Senior an 11_ error. Thus, if tile $1 million value is off by a rea-

Staff, Group Chiefs, and other top staff people) constitute sonable amount, say a factor of 2, it would have little
a "program office" which manages the rest of the instal- effect on gross program planning.

II. DISCUSSION

The purpose of the present analysis was to develop oil a $25000 man-year figure fur an in-house type of
a nwthod for esdmatlng program (or grnup) costs which activity aud $_50,000 man-year for an out-of-house activ-

would be an improvement over the old practice based ity. The anah.,sis yielded three important results:
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1. It showed that there is a relationship between the useful. It is also clear now that the old method was but

average cost per man-year of an activity and the a crude representation by means of a step-function of

fraction of the activity which is out-of-house, the present more precise description.

2. This relationship can be represented by a continu- The rather good comparison of the so-called experi-
ous function which involves only two basic param- mental data and the theoretical relationship suggests the

eters, usefulness of this unifc.rm approach in treating the total

3. This continuous function provides a uniform and Installation program. Actually, the correlation need not

consistent description of al; activities of the Instal- be limited to analyses by programs. Correlation by work
lation, groups is also valid and perhaps even more informative.

Figure C-_ shows such a graph, along with the appro-
The existence of a functional relationship between priate points for various special projects. The correlation

average cost per man-year and out-of-house fraction was reveals that certain work groups (1, 2, 3, 4) exhibit a deft-

suggested by the experimental correlation _hown in the nite out-of-house character; whereat the others (5, 6, 7, 8)

figures. The use of the ratio of procurement costs to total are, relatively speaking, the in-house elements.
costs as a measure of the out-of-house fraction was arbi-

trary; however, it is expected to be an adequate yardstick It is important to point out that deviations from the
for comparative purposes, curve merely reveal that the operation of certain activi-

ties differs from the average. This is to be expected

Tile experimental correlation is supported by a mathe- because in this analysts the entire Installation-defined
matical treatment based on a simple funding model which by projects or groups-was treated on a uniform basis.
postulates the existence of but two fundamental qnanti- Detail,_d analysis siaows that major deviations will occur,

ties: the cost per man.year of an entirely in-house activ- and for any number of reasons; for exanrJple, different

ity, and the cost per man-year of an entirely out-of-house burden rates or different ratios of support staff to direct

activity. The resulting expression for the average cost protessiona!s. To account for all these factors in an

per man-year is given as a continuous function of the t,ttempt at an even more l[,recise treatment would be
out-of-house f;action. Thus, one can describe a variety essentially a detailed re-analysis of each program (or

of activities with any arbitrary, distribution of funds (in division) director's effort. This is neither the motivation
and out). in this context the distinction between an nor the purpose of the present approach. We present

in-house and an out-of-house program is not as sharply here simply a tool for quickly obtaining reasonable gross

drawn and, except for comparative purposes, not as est/mate_.

IlL CONCLUUING REMARKS

An analysis of the FY-1 and -2 experience and plans The theoretical "-nrve should be ot: value #o future

has revealed a ftmctional relationship between average planning. If kept up to date, it will provide a logical

manpower costs and the out-of-house fraction. This cur- method for relating available program funds to man-

relation is explained by means of a simple fun_ting model, power requirements. Thus, given a flight program and
Comparison of the installation average figures for FY-1 a me,_ns of estimating its cost in terms of the number

and -2 shows a marked trend toward an increasingly ot units to be delivered (cost per pound oi: spacecraft),

out-of-house type of effm't (by some 155) with an attend- one can determine in a straightforwa:'d manner the man-

ant increase in a_ crage cost per man-year of from $_5,000 power requirements as a function of time, given the

to $34,400. funding and out-of-house fractiou as a function of time.
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